This paper examines the reporting of sexual and other risk behaviors within a randomized experiment using a computerized versus face-to-face interview mode. Biomarkers for sexually transmitted infection (STI) were used to validate self-reported behavior by interview mode. As part of a parent study evaluating home versus clinic screening and diagnosis for STIs, 818 women aged 18À40 years were recruited in 2004 at or near a primary care clinic in Sã o Paulo, Brazil, and were randomized to a face-to-face interview or audio computer-assisted selfinterviewing. Ninety-six percent of participants were tested for chlamydia, gonorrhea, and trichomoniasis. Reporting of STI risk behavior was consistently higher with the computerized mode of interview. Stronger associations between risk behaviors and STI were found with the computerized interview after controlling for sociodemographic factors. These results were obtained by using logistic regression approaches, as well as statistical methods that address potential residual confounding and covariate endogeneity. Furthermore, STI-positive participants were more likely than STI-negative participants to underreport risk behavior in the face-to-face interview. Results strongly suggest that computerized interviewing provides more accurate and reliable behavioral data. The analyses also confirm the benefits of using data on prevalent STIs for externally validating behavioral reporting.
measurement of sexual behavior in STI/HIV research and have reviewed the associated methodological challenges in obtaining accurate behavioral data (2) (3) (4) . Such authors have argued for a greater focus on methodological evaluations and experimentation, the need for multimethod approaches to determine best practices, and the use of external validation to assess the accuracy of sexual behavior reporting.
To address the issue of misreporting of sexual and STI/ HIV risk behavior in face-to-face interviews, researchers in the United States have increasingly turned to audio computerassisted self-interviewing (ACASI) techniques. Randomized experimental evaluations comparing reporting by interview mode have found higher reporting with ACASI across an array of sensitive behaviors, including sexual behavior (5) (6) (7) (8) (9) , drug use and alcohol consumption (6, 7, 10, 11) , and abortion (12) . Similar studies conducted in developing countries have also generally found that ACASI produces higher reporting of risk behaviors in such diverse settings as Kenya (13, 14) , Malawi (15) , Thailand (16) , India (17) , and Vietnam (18) . However, one study in Mexico found that ACASI reported a lower prevalence of abortions than paper-and-pencil self-administration and randomresponse techniques (19) .
Although the evidence from multiple studies bolsters confidence in the benefits of computerized interviewing, the need for externally validating self-reports remains (2) (3) (4) . Given the stigmatization of many sexual and risk behaviors, it is often assumed in interview-mode experiments that the higher reporting of behavior is the more accurate. External validation provides an objective criterion to test this assumption, despite the absence of a single and definitive ''gold standard'' for self-reports of sexual behavior (3, 20) . A variety of methods for externally validating selfreporting of risk behavior have been used (20) (21) (22) (23) , but few studies have combined randomized interview mode experimentation and collection of STI outcomes as markers for risky behavior (24, 25) .
The empirical linking of STI outcomes and reports of sexual behavior is not straightforward. Infection probabilities are often moderated by factors extraneous to the particular risk behavior, including the background prevalence of infection in the general or subpopulation; partner status; the biological susceptibility of the individual; and the availability, cost, and effectiveness of STI testing and treatment, to name only a few (3, 4, 26, 27) . To properly capture empirical associations, a range of appropriate behaviors should be accurately measured and controlled. Often, methods for measuring association control for a only a limited number of relevant covariates. Unmeasured covariates and potential endogeneity of behavioral measures can lead to biased inferences regarding the associations between risk factors and STI (3, 27) .
The objective of this study was to compare the reporting of sexual and risk behaviors collected in computerized and face-to-face interviews and to utilize STI outcomes to externally validate self-reporting. We used two alternative techniques, logistic and bivariate probit regression, to empirically estimate the association between self-reported behavior and STI outcomes.
MATERIALS AND METHODS

Study design and population
Data for this paper were collected as part of a larger study to determine the effectiveness, acceptability, and feasibility of using participant self-collected vaginal swabs for STI diagnosis in a home versus clinic environment (28) . The broader purpose of the study was to assess whether a home-based screening strategy using self-collection of specimens would increase detection and accurate treatment of STIs (gonorrhea, chlamydia, and trichomoniasis) in young women in a low-income area of São Paulo, Brazil. From April to November 2004, a total of 818 women aged 18À40 years participated in the study.
Women were recruited during educational meetings on STI diagnosis and prevention at the Centro de Saúde Escola Dr. Alexandre Vranjac, Barra Funda (CSEBF), a primary care health center operated by the Santa Casa Faculty of the Medical Sciences. Women from within the clinic population participating in family planning, cervical cancer screening, mothers' groups, pediatric care, and general services were invited to attend study recruitment sessions, with one third of participants recruited from the catchment area of the clinic. To be eligible for the study, women were required to be aged 18À40 years, self-identify as literate, and not need immediate care for a gynecologic-related problem. After the purposes and procedures of the study were explained, informed consent from participants was obtained. The study protocol was approved by the ethical committees of the Irmandade Santa Casa de Misericórdia de São Paulo, the Brazilian National Ethics Committee (Comissão Nacional de É tica em Pesquisa), and the Population Council Institutional Review Board.
Women were randomized at enrollment to either homebased (experimental group) or clinic-based (control group) self-sampling. Women in the experimental group were given a kit for self-collection and were asked to return the materials to the clinic within 2 weeks of their enrollment visit. Women in the control group were given an appointment for self-sampling at the clinic 1 day to 2 weeks after enrollment. In all, 96 percent of study participants completed selfcollection and were tested for gonorrhea, chlamydia, and trichomoniasis, with no differences between groups in the proportion of participants diagnosed and treated. Details regarding the results of the screening initiative are discussed elsewhere (28) .
As part of the parent study, women were also randomized at enrollment to either a face-to-face, interviewer-administered survey or ACASI. Stratification and block randomization methods were used to assure an equal number of ACASI and face-to-face respondents in the experimental and control groups (ACASI/home, ACASI/clinic, face-to-face/ home, face-to-face/clinic). A baseline questionnaire was administered to all women, collecting basic demographic information, reproductive history, sexual behavior, contraceptive use, prior history of STIs, alcohol consumption and drug use, and information about the participant's last three sexual partners. Participants assigned to the face-to-face mode were interviewed by trained research staff in a private room at the clinic. Respondents completing the ACASI interview were assigned to a computerized interview isolated from the main clinic room by protective screens. The computerized interviewing software was developed at the Population Council by using Microsoft Visual Basic 6.0 and Microsoft Access (Microsoft Corporation, Redmond, Washington). EPI Info 6.0 (Centers for Disease Control and Prevention, Atlanta, Georgia) software was used for double data entry of the face-to-face surveys.
Laboratory procedures
Biological specimens for gonorrhea, chlamydia, and trichomoniasis diagnosis were obtained from dry, self-administered vaginal swabs. Sensitivity and specificity have been shown to be good for self-collected vaginal swabs compared with clinician-obtained swabs, when combined with nucleic acid amplication testing (29, 30) . The presence of Chlamydia trachomatis and Neisseria gonorrhoeae was identified by using COBAS Amplicor CT/NG polymerase chain reaction (Roche Molecular Diagnostics, Pleasanton, California). Trichomonas vaginalis was diagnosed by using an in-house polymerase chain reaction test adapted from a previously validated assay (31) . All polymerase chain reaction protocols were reviewed by the San Francisco General Hospital Chlamydia Laboratory.
Statistical methods
To compare the reporting of sensitive behaviors by interview mode (ACASI vs. face-to-face), two-sided t tests for differences in means for continuous variables and z tests for differences in proportions for dichotomous variables were conducted; differences were evaluated with and without adjustment for participants' sociodemographic characteristics. Prior to study implementation, sample sizes were calculated such that hypotheses tests could be evaluated on the full sample of women with 0.80 power, an alpha value of 0.05, and a minimum of 10 percent effect size by interview mode (32, 33) .
As a means of externally validating reporting, we estimated the association between various reported risky sexual behaviors (RSBs) and STI status by interview mode. Given the relatively low prevalence of gonorrhea, chlamydia, and trichomoniasis in study participants, a combined measure of any STI was used as the outcome variable; similar combined measures have been used elsewhere in the literature (34, 35) . Prevalent STI was modeled as a function of a single RSB, controlling for a range of sociodemographic variables by using logistic regression estimated separately for each interview mode (m), as in the following:
To statistically test differences in the associations by interview mode, the data were pooled and interaction terms between RSB and mode of interview were estimated. Given that the coefficients of the interaction terms are difficult to interpret (36) and the approach in equation 1 allows the b coefficients to vary by interview mode, odds ratios from the separate regressions by interview mode are presented in this paper.
A potential drawback of estimating equation 1 is that it assumes that the error term (e m ) is distributed independently of the RSB variables. However, unmeasured factors that influence STI acquisition are also likely to be correlated with behavior, for example, the biological susceptibility of the individual; the risk behaviors of partners and their sexual networks; and the availability, cost, and effectiveness of STI testing and treatment protocols (3, 4, 27) . Hence, the independence assumption might fail to hold, leading to inconsistent estimates of the association between RSBs and STIs. This large-sample bias is particularly problematic for our analysis because we used the measured associations to validate reporting by mode of interview.
To account for unmeasured confounding, as well as potential endogeneity in the various measures of sexual behavior, we also examined the partial correlation between STI and RSB net of the influence of the sociodemographic variables. Because STI and RSB are binary variables, we estimated the partial correlation by using a bivariate probit method, which has been used previously in the epidemiologic and medical literature when addressing similar issues (37) (38) (39) (40) . In the bivariate probit procedure, STI propensities (STI*) and RSB propensities (RSB*) are modeled solely as a function of exogenous sociodemographic indicators (x). The regression coefficient vectors (a) and (d) link the sociodemographic variables to the respective outcome. This method is illustrated in the following set of equations:
The bivariate probit procedure simultaneously estimates infection and behavior, producing consistent coefficients for the exogenous variables. The residuals obtained represent the remaining variance of STI and RSB. When these residuals are used, the bivariate probit generates an unbiased estimate of the correlation of the disturbance terms q ek ¼ cov (g m , k m ); for variables measured as counts, negative binomial regressions were used to obtain residuals. Ranging from 0 to 1, q can be interpreted as being analogous to a partial correlation coefficient, capturing the linear association between RSB and STIs, controlling for sociodemographic factors. Given the randomized study design, the correlation (q) was statistically compared across interview modes (m) based on z tests by using Fisher's transformation (41) . Estimates of the correlations were tested against the null hypothesis of zero correlation (or no association) between STI status and behavior by using Wald or Lagrange multiplier statistics.
RESULTS
The baseline sociodemographic characteristics of the 818 study participants are provided in table 1, separately by interview mode. The differences do not indicate any systematic selectivity in the sociodemographic profile of women by interview mode. Table 2 summarizes the reporting of sexual behavior and unprotected sex for women by interview mode at the time of enrollment, coded in the direction of increased risk of STI. Significant differences in self-reporting by interview mode indicate the significance level of the p value obtained.
Seventeen of the 21 indicators revealed higher reporting of risk behaviors in the ACASI group, with five being statistically significant at the p < 0.10 level. Face-to-face interviews produced a significantly higher percentage of women reporting having had vaginal sex in the last month. A significantly greater percentage of women in the ACASI group reported having oral (p < 0.10) and anal (p < 0.01) sex within the last 6 months. Reported unprotected sexual behavior was also greater among ACASI respondents: all eight measures of unprotected sex were in the expected direction, with three significantly different from each other at p 0.10. Even in the five instances in which comparisons did not reach statistical significance, the differences were substantively meaningful and the lack of statistical significance was likely a function of smaller subgroup sample sizes. The three indicators at the bottom of table 2 are proxy measures of heightened STI/HIV risk, combining several risk factors into a single indicator. Whereas the first two of these indicators show that ACASI respondents were more likely to report combined risks than those interviewed face-to-face, the third indicates higher reporting in the face-to-face mode; none were statistically significant.
The distribution of infections by type and interview mode is provided in table 3. A combined indicator of any STI was constructed from the three individual STI measures. Of all sample women, 13 percent were found to have at least one STI, with chlamydia being the most common. Only four participants in the study presented with multiple infections. Furthermore, there was little difference in observed STI prevalence by interview mode, which provides some assurance of the success of the randomization by interview mode procedures. Table 4 shows the estimated associations between selfreported sexual behavior and STI status. The first two columns of results are odds ratios from the logistic regression models estimated separately for each interview mode. In the logistic regression analyses that included interaction terms, no statistically significant differences by interview mode were observed (not shown). Although the interaction terms were not significant, the pattern of odds ratios presented in table 4 indicates that, in general, ACASI revealed stronger associations between sexual behavior and STI, with 15 of the 21 measures evidencing a stronger positive association in the ACASI group; nine of the ACASI odds ratios were significantly different from the behavioral reference group, relative to two in the face-to-face group (table 4). In addition, the odds ratios were consistently stronger with the ACASI mode for the measure of unprotected sexual behavior and the behavioral risk combination variables.
The bivariate probit results presented in the last two columns of table 4 provide alternative estimates of the association between risk behavior and STI outcomes by interview mode. The results revealed statistically significant differences by interview mode, with 10 of the 21 ACASI correlations significantly different from face-to-face at the p < 0.10 level. Furthermore, all but five behavioral indicators showed stronger positive correlations with ACASI, with only one (sexual exchange) having a statistically significant correlation favoring the face-to-face mode. In addition, 12 of the ACASI correlations, but only three of the face-to-face correlations, were significantly different from zero (or no association) at the p < 0.05 level (table 4) . Table 5 stratifies participants by their STI status and examines the reporting of sexual behaviors by interview mode. Results indicated that, in general, women who were STI positive were more likely to report risk behaviors than their counterparts who were STI negative. The results for STIpositive women interviewed with the ACASI method were stronger, with 16 of the 21 behavioral risk indicators showing higher reporting; five were significant at the p < 0.10 level. For STI-negative women, the interview mode differences were not as significant despite the larger sample of women; 14 indicators were directionally consistent, with only three statistically significant.
DISCUSSION
This research contributes to the literature by experimentally evaluating the use of computerized interviewing to % With a partner in the last 6 months who has been in prison and not using a condom during vaginal sex{,zz 6 4 363 384 % Consuming alcohol or using drugs prior to sex, having overlapping partners, and not using a condom during last vaginal sex{,zz 6 8 308 345
* p < 0.05; **p < 0.01: significance level across interview mode. y p < 0.10: significance level across interview mode. z Sample estimates are unadjusted for the demographic characteristics listed in table 1. Analysis (not shown) revealed insignificant differences from adjusted results.
§ ACASI, audio computer-assisted self-interviewing; FTF, face-to-face. { Asked only of those reporting having had this type of sex; male or female condom not explicitly distinguished. # These indicators were generated from two questions asked about each of three partners: the number of vaginal sex acts in the last month with that partner and the number of vaginal sex acts without a condom in the last month with that partner. zz These variables were generated by using combinations of other measures in the table and hence are not mutually exclusive from them.
obtain more accurate reporting of sensitive behaviors. It is one of only a few studies that have attempted to validate the reporting of behavior with STI biological markers within a randomized interview mode experiment. On the basis of findings from previous studies, it was expected that, compared with face-to-face interviews, computerized interviewingwhich provides a greater degree of privacy and confidentiality in the interview context-would produce higher reporting of stigmatizing sexual behaviors and lower reporting of condom use. Furthermore, it was expected that, if more accurate, the behavioral reporting in ACASI would reveal stronger associations with STI outcomes than those Any infection 14 12 13
* STIs, sexually transmitted infections; ACASI, audio computerassisted self-interviewing; FTF, face-to-face. observed for women interviewed face-to-face. If these two expectations were confirmed by the data, it would strongly suggest that computerized interviewing produces more valid self-reports of behavior than face-to-face interviewing.
Reporting of sexual behaviors was generally higher in ACASI than in face-to-face interviews. A statistically significant higher percentage of ACASI women reported anal and oral sex, although a higher percentage of women interviewed face-to-face reported vaginal sex, with table 5 indicating that this latter result was largely a function of reporting by STI-negative women. The reporting of unprotected sexual relations (vaginal, oral, anal) revealed lower reporting of condom use with ACASI, with the differences between face-to-face and ACASI statistically significant for oral sex. These results suggest that, when responding to questions posed by research staff or health care providers, women overreport protective behaviors. The pattern of results reinforces the findings from other studies that have suggested that socially desirable and norm-driven responding are common in face-to-face interviewers (5-9). The benefits of using ACASI, however, may come at some expense; women tend to be more inconsistent in their responses perhaps because the face-to-face interviewer is able to reconcile discrepancies during the interview (15, 42, 43) . By comparing interview-mode differences in reporting of risk behaviors between STI-positive and STI-negative respondents, the results suggest that the differences by interview mode were greatest for those who were STI positive. In other words, STI-positive participants were more likely than STI-negative participants to misreport their behavior in the face-to-face mode. For example, STI-positive women in the ACASI mode reported an additional three unprotected sex acts on average than women interviewed face-to-face, whereas STI-negative ACASI respondents reported only one additional unprotected sex act relative to their face-toface counterparts. These results are similar to those noted by Macalino et al. (24) , who found an interaction between mode of interview and STI status. Further research is required to more fully understand the linkages between behavioral reporting and STI status.
The prevalence of trichomoniasis, gonorrhea, and chlamydia in our sample was consistent with that in a study conducted among a similar population of women aged 18-30 years observed at family planning clinics in Brazil (44) . Although most (79 percent) women with an STI reported a symptom (genital itching, vaginal discharge, or abdominal pain), 71 percent of women without an STI also did so. The combined measure of any STI used in this analysis is not optimal given that each STI has different transmission rates, symptoms, treatment, and reinfection rates (3). These differences are likely to weaken the observed association between behavior and STI outcomes when a combined measure is used, given increased measurement error in the STI variable. That said, each of the infections in the combined measure is preventable by condom use and hence is germane to the behavioral measures of risk analyzed. Because transmission probabilities for the STIs under consideration in this analysis are greatest for vaginal sex, and because the tested specimens were collected via vaginal swabs, we expected to find the strongest associations between risk behavior and STI outcomes to be among indicators of unprotected vaginal sex. The results obtained support this expectation.
To validate the reporting of RSB, we empirically captured the association between behavior and STI status by interview mode; two alternative statistical modeling approaches were utilized, logistic regression and partial correlation implemented by bivariate probit regression. The bivariate probit procedure serves as an alternative estimation technique for modeling STI when standard regression techniques fail to account for including unmeasured confounding and endogeneity of the behavioral variables of interest (3, 26, 27, 45) . The two approaches yielded similar results: stronger associations between STI outcomes and behavior were observed among ACASI-interviewed women. That said, only in the bivariate probit models were the differences in association statistically significant by mode of interview. A significant limitation of this analysis is that it relied on cross-sectional data, with prevalent rather than incident infections. Panel data with repeat observations of women would improve measurement of the association between risk behaviors and STI outcomes.
Despite the potential problems and pitfalls of using STI/ HIV biomarkers to validate the reporting of sexual behavior (3, 4, 26, 27) , including the lack of a one-to-one association between STI and any given behavior, biomarkers may be the best validation tool available. As Fishbein and Pequegnat suggest, ''when there are grounds for assuming an isomorphic relation between a biological assessment and a selfreported behavior, and when the biochemical measure is relatively noninvasive, biological and biochemical measures may provide the best evidence for the validity-or lack of validity-of behavioral self-reports'' (3, p. 102). Although our measures of risk behavior and STI are not strictly oneto-one, we did find significant associations between behavior and infections, particularly for the ACASI mode of administration. The stronger associations found between unprotected sex acts and STIs in the ACASI group provide additional support for the conclusion that computer administration results in more valid estimates of the prevalence of sensitive sexual and risk behaviors.
